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1. Assign	an	ordinal	number	to	each	importance	scale	position,	starting	with	the	most	important	position	as	number	1.		2. Let	the	total	number	of	importance	scale	positions	be	Q.	Each	criterion	i	has	the	position	p(i)	∈	{1,…,Q}	on	this	importance	scale,	such	that	for	every	two	adjacent	criteria	ci	and	ci+1,	whenever	𝑐! >!! 𝑐! !!,	si	=	|	p(i+1)	–	p(i)	|.	The	position	p(i)	then	denotes	the	importance	as	stated	by	the	decision-maker.	Thus,	Q	is	equal	to	Σsi	+	1,	where	i	=	1,…,N−1	for	N	criteria.	3. Use	a	reliable	transformation	algorithm	for	the	generation	of	surrogate	weights.	To	find	a	such,	we	have	some	alternatives.	For	instance,	consider	the	counterpart	to	RS	weights	(Barron,	1992).	The	concept	of	cardinal	rank	sum	(CRS)	weights	is	based	on	the	idea	that	the	rank	order	strength	should	be	reflected	directly	in	the	weights.	Then	the	CRS	weights	are	obtained	by	Eq.	2		 𝑤!!"# = ! ! ! ! ! !! !!!! !!!!! , (2) 	based	on	the	importance	positions	p(i)	as	stated	by	the	decision-maker.	The	counterpart	to	ordinal	rank	reciprocal	weights5	is	analogously	defined.	According	to	step	2,	let	the	total	number	of	importance	scale	positions	be	Q.	Each	criterion	i	has	the	position	p(i)	on	the	importance	scale	such	that	𝑝 𝑖   𝑝 𝑗  if  𝑖 < 𝑗.	Then	the	corresponding	rank	reciprocal	(CRR)	weights	are	obtained	by	Eq.	3	
𝑤!!"" = !! ! !! !!!!!    (3) with	the	usual	property	that	a	higher	weight	is	assigned	to	lower	ranking	numbers.	ROC	weights	(Danielson	et	al.,	2014)	are	generalized	in	the	same	way.	The	ordinal	ROC	weights,	given	by	Eq.	4		
𝑤!!"# = 1 𝑁 !!!!!!    (4) 
could	be	interpreted	as	candidate	weights	for	positions	on	the	importance	scale.	Then,	the	corresponding	preference	strength	rank	order	centroid	weights	(CRC,	Eq.	5)	are		
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Finally,	 the	 SR	 weights	 (Danielson	 &	 Ekenberg,	 2014)	 are	 generalized	 in	 the	same	way.	The	ordinal	SR	weights	are	given	by	the	Eq.	6		
𝑤!!" = ! !!!!!!!!!!!"!!!!   (6) 
and	the	corresponding	preference	strength	SR	weights	(CSR,	Eq.	7)		
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alternative	Ai	under	two	criteria,	with	the	respective	weights	w1	and	w2.	The	overall	value	of	this	alternative	can	be	calculated	by	a	weighted	average:	
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Table	2	
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Table	3	
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Creates	jobs	 X	 	 	 	 	 	
Climate	change	mitigation	 X	 	 X	 	 	 X	
Low	costs	electricity	 	 X	 X	 	 X	 	
No	environmental	impacts	 	 X	 	 	 	 X	
Easy	to	use	 	 	 X	 X	 	 	
Abundant	resources	 	 	 	 X	 	 	
Possible	deployment	in	remote	areas	 	 	 	 	 X	 	
Negative	Intermittency	risks,	volatility,	storage	is	required	 X	 X	 X	 X	 X	 	Need	for	recycling	 X	 	 	 	 	 	
High	investment	costs	 	 X	 	 X	 	 X	
Absence	of	domestic	market	 	 	 X	 	 	 	
Components	are	manufactured	abroad,	absence	of	the	market	 	 	 X	 	 	 	Need	for	cleaning	and	maintenance	 	 	 	 	 X	 X		 The	most	frequent	benefits	of	CSP	are	low	impacts	on	environment,	potentials	for	climate	change	mitigation	and	high	level	of	efficiency.	At	the	same	time,	the	perceived	negative	characteristics	are	high	investment	costs	and	land	requirement	(table	5).	Table	5:	Perceptions	of	risks	and	benefits	of	concentrated	solar	power		 NGOs	 Finance	 Acade-mia	 Future	decision	makers	 Local	communities	 Deci-sion	makers	
Positive	Low	impacts	on	environment	 X	 X	 X	 	 	 X	
Possibilities	for	storage,	stabilization	of	the	grids	and	base	load	 X	 X	 	 	 	 	Climate	change	mitigation	 	 	 X	 X	 	 X	
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Safe	 	 	 	 	 	 X	
Negative	Intermittency	due	to	variations	in	solar	irradiation	 X	 	 	 	 	 	Need	for	battery	replacement	 X	 	 	 	 	 	
High	investment	costs	 	 X	 	 X	 X	 X	
Land	requirement	 	 	 X	 X	 	 X	
Water	usage	 	 	 X	 	 	 	
Difficult	to	install	and	maintain	 	 	 	 	 X	 X		 The	most	frequent	perceived	characteristic	of	wind	is	that	it	is	safe	and	clean.	However,	the	perceived	concerns	are	high	initial	investment	costs,	intermittency	of	electricity	generation	and	noise.	Table	6:	Perceptions	of	risks	and	benefits	of	wind		 NGOs	 Finance	 Academia	 Future	decision	makers	
Local	communities	 Decision	makers	
Positive	Safe	and	clean	 X	 X	 X	 X	 X	 X	
Cheap	electricity	 	 	 X	 	 X	 X	
Easy	in	operation	and	maintenance	 	 	 	 	 	 X	
Low	land	requirement	 	 	 	 X	 X	 X	
Efficiency	 	 	 	 X	 	 	
Abundant	resources	 	 X	 	 	 	 	
Climate	change	mitigation	 	 X	 	 	 	 	
Negative	High	costs	 X	 X	 X	 X	 X	 X	
Site	specific	 	 	 	 	 	 X	
Noisy	 X	 X	 X	 X	 X	 X	
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Impacts	on	birds	 	 	 	 X	 	 	
Absence	of	local	manufacturing	of	components	and	difficulty	in	maintenance	 X	 	 X	 	 	 	Impacts	on	landscape	visibility	 	 X	 	 	 	 		Hydro	is	perceived	as	clean	and	environmentally	friendly	technology,	which	also	has	high	efficiency	in	electricity	generation.	At	the	same	time	the	greatest	concern	is	the	lack	of	resources	for	hydro	electricity	generation	in	Jordan.	Table	7:	Perceptions	of	risks	and	benefits	of	utility	hydro		 NGOs	 Finan-ce	 Aca-demia	 Future	deci-sion	ma-kers	
Local	com-munities	
Deci-sion	ma-kers	
Positive	Clean	and	environmentally	friendly	 	 X	 X	 X	 X	 	
Low	costs	 	 X	 	 	 	 	
High	efficiency	 	 X	 	 X	 	 X	
Ease	in	maintenance	 	 X	 	 	 	 X	
Reliable,	stable	and	dispatchable	 	 	 X	 	 X	 	
Jobs	 	 	 	 	 	 X	
Negative	Absence	of	resource	in	Jordan	 X	 X	 	 X	 X	 X	
Environmental	impacts	on	land	areas	 	 X	 	 	 	 	
High	initial	costs	 	 	 X	 X	 	 	
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makers	 es	
Positive	Cheap	electricity	generation	 	 X	 X	 X	 	 X	
Dispatchability	and	baseload	 X	 	 X	 X	 	 	
Can	be	combined	with	carbon	capture	and	storage	 	 	 	 X	 	 	
Negative	Not	safe	due	to	the	lack	of	advanced	technology	 	 	 	 	 	 X	High	initial	costs	 	 	 	 	 	 X	
Negative	impacts	on	human	health	and	environment	 X	 X	 X	 X	 X	 X	Resources	are	not	available	in	Jordan	 	 	 X	 X	 	 		 The	major	perceived	benefit	of	gas	is	that	it	can	provide	stable	baseload	and	can	be	also	used	as	a	back	up	capacity.	It	also	has	low	green	house	gas	emissions.	At	the	same	time	the	major	concern	is	the	availability	of	resource	and	the	need	to	import	it	from	abroad.		Table	9:	Perceptions	of	risks	and	benefits	of	gas		 NGOs	 Fina-nce	 Aca-demia	 Futu-re	deci-sion	ma-kers	
Local	com-muni-ties	
Deci-sion	ma-kers	
Positive	Clean	in	terms	of	GHG	emissions	 X	 	 X	 	 X	 	
Baseload	and	back	up	potentials	 X	 X	 	 X	 X	 X	
Efficiency	 	 X	 	 	 X	 	
Does	not	require	modification	of	grids	 	 	 X	 	 	 	
Low	costs	 	 	 	 X	 	 	
Negative	Dependency	on	imported	resources	 X	 X	 X	 X	 X	 X	
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Oil	has	few	perceived	benefits.	The	most	frequently	named	one	was	reliability	of	electricity	generation	in	terms	of	baseload.	At	the	same	time	the	most	frequently	expressed	concern	was	its	impact	on	environment	and	human	health.	Table	10:	Perceptions	of	risks	and	benefits	of	oil		 NGOs	 Finan-ce	 Aca-demia	 Future	deci-sion	makers	
Local	com-munities	
Deci-sion	makers	
Positive	Available	in	countries	with	similar	to	Jordan	socio-economic	conditions	 	 	 X	 	 	 	Reliable	technology	in	terms	of	baseload	 X	 X	 	 	 	 	
Negative	Air	and	environmental	pollution	 X	 X	 X	 X	 X	 X	
Usage	of	water	 	 	 	 	 	 X	
Dependence	on	imported	resources	 X	 	 X	 X	 	 X	
Impacts	on	human	health	 	 	 	 	 X	 X		 Nuclear	is	perceived	as	a	technology	with	low	levelised	costs	of	electricity,	which	generates	sufficient	quantities	to	cover	the	entire	Jordanian	growing	energy	demand.	At	the	same	time	there	are	significant	concerns	about	high	risks	for	human	health	and	environment	in	case	of	accidents.	The	nuclear	waste	and	usage	of	water	were	two	other	discussed	issues.	Table	11:	Perceptions	of	risks	and	benefits	of	nuclear		 NGOs	 Finan-ce	 Acade-mia	 Future	decis-ion	makers	
Local	com-muni-ties	
Deci-sion	makers	
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Nuclear	waste	 X	 	 X	 X	 	 X	High	risks	for	human	health	and	environment	 X	 X	 X	 X	 X	 X	Usage	of	water	 X	 X	 X	 X	 X	 X	High	costs	of	electricity	 X	 	 	 	 	 	High	initial	capital	costs	 	 X	 	 	 X	 	High	political	risks	 	 	 X	 	 	 	The	detailed	description	of	the	discussions	during	the	workshops	is	in	the	annex.	
	
Ranking	of	different	criteria	The	ranking	of	different	criteria	during	the	six	workshops	with	homogenous	groups	of	stakeholders	showed	that	electricity	system	costs	are	perceived	as	an	important	criterion	by	all	groups	of	stakeholders.	Safety	and	global	warming	potential	are	also	perceived	as	important	criteria.	Safety	has	the	highest	important	for	decision-makers	and	is	important	for	local	communities,	future	decision	makers	and	finance	and	investment.	Global	warming	potential	is	important	for	local	communities	and	for	finance	and	investment.	Global	warming	potential	was	a	contested	criterion,	as	it	was	perceived	as	the	least	important	by	academia.	At	the	same	time	the	domestic	value	chain	integration	was	perceived	as	the	least	important	criterion	by	almost	all	stakeholders	groups,	excluding	academia	and	decision-makers.	Non-emissions	hazardous	waste	was	the	least	important	criteria	for	civil	society,	academia,	future	decision-makers	and	current	decision-makers.	Pressure	on	local	land	resources	was	ranked	as	the	least	important	criterion	for	academia	and	pressure	on	local	water	resources	was	ranked	as	the	least	important	criterion	for	decision-makers	(table	12).		Table	12:	Ranking	of	criteria	during	individual	stakeholders	groups	
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	Figure	15:	Group	convergence	on	electricity	system	cost	criterion	The	figure	16	on	pressure	on	water	resources	shows	an	opposite	to	electricity	system	cost	criterion,	namely,	that	national	NGOs	together	with	academia	and	local	communities	were	moving	the	criterion	on	pressure	on	water	resources	up	and	the	industrial	and	finance	stakeholders	were	moving	it	down.		
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The	respondents	also	had	an	opportunity	to	rank	criteria	and	technology	individually.	The	survey	results	showed	that	utility	PV	and	CSP	were	ranked	as	the	most	attractive	technologies	and	electricity	costs	and	safety	were	ranked	as	the	most	important	criteria.		These	results	show	that	individual	ranking	followed	the	same	pattern	as	the	ranking	during	the	final	workshop.	The	major	difference	was	regarding	criteria	and	technology	in	the	middle	of	the	ranking	(table	14).		Table	14:	Final	ranking	of	criteria	and	technologies	during	the	final	workshop	and	during	the	on-line	survey	
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(25%)	 26,50 9,00 14,00 3,00 8,50 11,50 10,50 5,00 10,00 20,50 50,00 
Min	 0,00 0,00 1,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
Median	 49,00 30,00 34,00 9,00 22,00 38,00 26,00 27,00 29,00 50,00 68,00 
Average	 47,84 30,77 32,21 11,33 30,77 36,74 36,33 30,11 31,77 49,77 60,91 
Max	 100,00 100,00 80,00 49,00 90,00 89,00 95,00 95,00 90,00 100,00 100,00 
Quantile	3	

























(25%)	 30,00 18,25 14,25 6,50 14,00 13,75 11,00 10,00 10,00 38,50 50,00 
Min	 0,00 0,00 5,00 0,00 5,00 0,00 4,00 5,00 0,00 8,00 7,00 
Median	 69,00 30,50 36,50 10,00 26,00 20,50 19,00 20,50 35,00 51,00 66,00 
Average	 56,79 37,86 38,79 14,63 31,71 25,04 24,36 33,08 38,21 53,35 62,44 
Max	 100,00 100,00 100,00 47,00 80,00 70,00 91,00 97,00 95,00 91,00 99,00 
Quantile	3	












































































U^lity	PV		 CSP		 	Wind	 	Hydro		 Nuclear	 Gas	 Oil	(Petrol)	 Oil	(Shale)	 Coal		
	











(25%)	 20,00 13,50 10,00 5,50 6,50 11,75 9,25 10,50 14,00 32,25 50,00 
Min	 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 10,00 
Median	 35,00 22,00 22,00 18,00 18,00 31,00 18,00 15,00 30,00 50,00 71,00 
Average	 42,35 29,00 25,88 26,89 24,28 34,40 26,00 27,22 34,28 48,88 65,93 
Max	 93,00 80,00 73,00 76,00 78,00 86,00 74,00 84,00 100,00 90,00 95,00 
Quantile	3	





















(25%)	 27,50 11,50 14,25 8,00 10,00 11,00 20,00 11,50 28,00 20,75 63,50 
Min	 2,00 1,00 2,00 0,00 1,00 4,00 0,00 4,00 8,00 8,00 20,00 
Median	 35,00 25,00 30,00 12,00 20,00 34,00 35,00 34,00 48,00 53,00 80,00 
Average	 39,91 29,47 33,23 24,27 23,94 38,12 35,47 31,05 45,70 47,90 71,63 
Max	 91,00 80,00 80,00 70,00 60,00 100,00 78,00 75,00 90,00 82,00 100,00 
Quantile	3	

















































































U^lity	PV		 CSP		 	Wind	 	Hydro		 Nuclear	 Gas	 Oil	(Petrol)	 Oil	(Shale)	 Coal		
	











(25%)	 24,00 16,00 24,00 4,00 8,00 15,50 7,50 8,00 31,75 41,00 60,00 
Min	 2,00 0,00 5,00 0,00 2,00 0,00 0,00 0,00 13,00 4,00 10,00 
Median	 50,00 28,50 40,00 16,00 30,00 43,00 12,00 17,00 52,50 58,00 74,00 
Average	 49,78 34,50 43,09 29,29 34,82 39,39 27,63 27,68 53,69 54,24 68,50 
Max	 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 95,00 90,00 100,00 
Quantile	3	
























(25%)	 17,25 11,50 8,00 6,50 2,50 14,50 7,00 5,00 14,50 22,00 48,00 
Min	 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 5,00 8,00 9,00 
Median	 36,50 31,00 29,00 18,50 15,00 27,00 26,00 24,50 47,00 48,50 61,00 
Average	 42,65 38,89 38,42 24,64 20,64 30,40 29,40 26,19 42,26 45,94 60,85 
Max	 100,00 100,00 100,00 80,00 60,00 75,00 75,00 65,00 90,00 90,00 100,00 
Quantile	3	





























































































(25%)	 13,00 11,50 13,75 13,00 2,75 10,00 18,25 7,00 39,50 28,00 53,00 
Min	 2,00 0,00 2,00 0,00 0,00 3,00 0,00 0,00 2,00 7,00 21,00 
Median	 50,00 41,00 41,50 40,00 9,50 43,00 36,00 30,00 60,00 51,00 69,00 
Average	 49,52 37,67 45,05 38,07 16,50 40,06 40,75 35,76 56,07 47,53 63,44 
Max	 100,00 90,00 100,00 91,00 70,00 80,00 80,00 80,00 95,00 91,00 90,00 
Quantile	3	





















(25%)	 20,00 4,50 14,00 18,50 9,00 13,75 8,00 6,75 26,00 27,50 54,50 
Min	 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,00 5,00 2,00 16,00 
Median	 76,00 70,00 66,00 59,00 21,00 36,00 15,00 18,00 49,00 50,50 75,00 
Average	 57,19 49,84 53,71 52,20 29,27 40,79 33,57 32,71 47,89 46,72 68,89 
Max	 100,00 100,00 100,00 100,00 80,00 90,00 90,00 80,00 100,00 100,00 100,00 
Quantile	3	
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Annex	2:	Electricity-generation	technologies	in	Jordan	
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UAE/	Abu	Dhabi	Fund	for	Development.	It	is	expected	that	the	project	will	become	operational	in	January	2018.	\ In	October	2016,	Masdar,	a	clean	energy	developer	based	in	Abu	Dhabi,	UAE,	signed	a	Power	Purchasing	Agreement	to	build	a	solar	power	plant	with	the	overall	capacity	of	200	MW	in	Muwaqqar.	The	project	is	due	for	completion	in	2018.	\ Small	Scale	Solar	PV	System	projects	with	a	capacity	of	80	MW	are	currently	under	construction.		
Concentrated	Solar	Power:	The	CSP	technology	concentrates	solar	radiation	using	mirrors	onto	a	receiver,	and	then	converts	it	into	thermal	energy	inside	the	receiver	and	transfers	it	to	a	heat	transfer	medium.	According	to	published	reports	and	an	announcement	by	the	Ministry	of	Energy	and	Mineral	Resources	(MEMR),	the	CSP	projects	are	still	not	implemented	in	Jordan.	The	MEMR	points	to	higher	technology	investment	costs	compared	to	those	of	PV.		
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\ Rehab	power	plant	(capacity	of	357	MW)	\ Samra	power	plant	(capacity	of	1.168	MW	\ Amman	East	power	plant	(Al	Manakher)(capacity	of	375	MW)	\ Qatrana	power	plant	(capacity	of	375	MW)	\ Independent	Power	Plant	1	Amman	East	Power	Plant	(capacity	of	380	MW	\ Independent	power	Plant	2	Al	Qatrana	Power	Plant	(capacity	of	373	MW)	\ Independent	Power	plant	3	(capacity	of	570	MW)	\ Independent	Power	Plant	4	(capacity	240	MW)	\ Hussein	Repowering	power	plant	(capacity	of	485	MW).		
Oil:	The	oil-fired	power	plant	uses	the	chemical	energy	of	oil	to	generate	electricity	with	the	help	of	different	kinds	of	steam	systems.	In	general,	the	year	2016	witnessed	the	decrease	in	the	consumption	of	oil	products	by	around	21	per	cent.	This	was	due	to	the	falling	demand	for	oil	products	used	in	electricity-generation	and	the	replacement	of	this	fuel	by	large	quantities	of	imported	natural	gas.	The	decrease	in	consumption	amounted	to	64	per	cent	for	fuel	oil	and	23	per	cent	for	diesel.		
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Coal	 is	 very	 cheap.	 It	 is	 dispatchable.	 Bit	 the	 negative	 sides	 are	 that	 it	 is	 not	clean,	 it	 requires	 investment	 and	 is	 not	 available	 locally.	 Coal	 is	 suitable	 for	small-scale	industries,	it	is	very	reliable	and	provides	job	opportunities.	It	is	also	cheap	and	if	combined	with	carbon	capture	and	storage	can	be	also	clean.	Ayt	the	same	 time	 it	 is	 polluting,	 it	 has	 high	 impacts	 on	 environment	 and	 it	 is	 not	available	in	Jordan.		
Gas	is	the	lowest	cost	technology	with	stable	baseload.	However,	it	has	high	import	costs,	it	is	not	available	in	Jordan	and	it	also	produces	emissions	and	impacts	on	environment.		
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not	an	important	criteria	as	Jordan	is	not	a	heavy	industry	state.	It	is	not	significant	in	comparison	to	other	countries.		Young	leaders:	Safety	is	the	most	important	criteria	as	human	life	is	the	most	precious	thing	we	have.	Electricity	system	costs	are	also	the	most	important	criteria	as	Jordan	is	a	poor	country	and	cannot	effort	expensive	electricity.	Local	air	pollution	is	also	an	important	criteria	as	is	related	to	safety.		Local	communities:	Impacts	of	technologies	on	the	community	is	the	most	important	aspect.	New	technologies	need	to	be	specifically	focused	on	issues	of	safety	and	maintenance.	Electricity	System	Costs	is	an	important	criteria	as	it	affects	many	sectors	in	life.	Knowledge	needs	to	be	transferred	to	communities	to	make	communities	more	susceptible	to	new	technologies.	New	technologies	should	reduce	pressure	on	water	resources.	Job	creation	is	important	but	other	criteria	should	be	focused	on	more.	If	they	are	achieved	then	job-creation	will	follow	naturally.	Global	warming	is	not	an	important	criteria	as	its	impacts	are	too	uncertain.		Decision-makers:	Government	has	three	pillars	for	decision-making	processes:	cost,	sustainability	and	job	creation.	Safety	should	be	the	first	priority.	Electricity	system	cost	are	important	in	Jordan,	energy	costs	is	a	big	problem	which	puts	pressure	on	the	government	budget.		Renewable	energy	and	shale	oil	could	contribute	to	energy	independence.	A	new	grid	is	needed	to	integrate	renewable	energies.	Land	needs	to	be	considered	carefully	and	is	a	main	criteria	for	the	government.		
ANNEX	5:	Ranking	of	criteria	
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